Introduction: Venous thromboembolism (VTE) is a relatively common complication during hospital stay and determination of VTE risk is critical to choosing the best prophylactic strategy for each patient. Objectives: In the present study we studied the risk profile for VTE in hospitalized patients in a group of hospitals in Portugal.
Introduction
Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE), is the third most common cardiovascular disease, affecting 1-2 per 1000 adults annually. 1 The disease's consequences are significant and can be incapacitating, including morbidity, mortality, disability, and diminished health-related quality of life among affected individuals, 1 ---3 as well as imposing a substantial socioeconomic burden on healthcare systems. 4 Mortality in patients with untreated or undiagnosed PE has been reported to be as high as 30%, 5 and it is the third most common cause of hospital-related death. 6, 7 While vascular endothelial damage, blood flow stasis, and hypercoagulability have been described as the three main components in the pathogenesis of venous thrombosis, advances in research have also identified many other transient and persistent risk factors ---demographic (e.g. advanced age), biological (e.g. increased prothrombin and fibrinogen levels), behavioral (e.g. smoking), environmental (e.g. long-distance travel), and health condition-related (e.g. surgical and comorbid conditions, such as hypertension, diabetes or high cholesterol levels) ---that interact simultaneously or sequentially in the development of VTE. 8---10 VTE is of special concern in hospitalized patients. 11---13 According to the current American College of Chest Physicians (ACCP) 14 and European Society of Cardiology 15 guidelines, it requires acute treatment with low molecular weight heparin (LMWH) or novel oral anticoagulants (NOACs) followed by at least three months of therapy with oral anticoagulants such as vitamin K antagonists or NOACs. This is a fairly effective treatment strategy for preventing VTE recurrence. Assessment of VTE risk is essential to accurately identify patients who might benefit from VTE prophylaxis and to develop prevention strategies for optimal care. Although effective VTE prophylaxis can halve the risk of VTE, 16 it is still largely underused in medical and surgical patients. 17 In a population-based study, 18 of all cases with venous thromboembolism, 24% had been previously admitted to a surgical ward and 22% to a medical ward.
Several clinical studies have shown the need to put into practice effective hospital strategies based on systematic and individualized assessment of VTE, and also to optimize the institution of proper prophylaxis in the context of inhospital and outpatient management.
Information on VTE risk and prophylaxis practices in Portugal is scarce. Hence, the primary aim of this study was to assess the incidence of VTE risk in the hospital care setting in Portugal using a thromboembolic score based on a risk assessment model (RAM), adapted from Caprini et al. 19 and Khorana et al., 20 whenever applicable (hereafter the ARTE-RAM score) ( Table 1) .
Secondary objectives were to characterize the profile of patients at risk for VTE, to determine the proportion of at-risk patients who receive effective prophylaxis (during hospitalization and after discharge), and to determine the incidence of thromboembolic and bleeding events (during hospitalization and after discharge). 
Methods
The detailed methodology of the ARTE (Avaliação de Risco de Tromboembolismo Venoso ---Assessment of Venous Thromboembolism Risk) study has been previously published. 21 Briefly, ARTE was a non-interventional, multicenter, prospective study performed from December 2008 to June 2012 at 14 Portuguese hospitals (listed in the Acknowledgements section). Inclusion criteria were patients aged ≥18 years hospitalized in one of the eligible medical departments (internal medicine, oncology, surgical or orthopedic), who signed informed consent to participate. The study excluded patients admitted with a diagnosis of VTE, or who were receiving chronic antithrombotic therapy.
Patients were enrolled sequentially in each participating center until the desired sample size of 4000 patients was achieved, and treated at the physician's discretion according to local clinical practice. Data were collected from hospital charts and the relevant information was entered onto standardized case report forms. Patient demographics, admission discharge diagnoses, risk factors for VTE (as defined in the ACCP guidelines 22 ), risk factors for bleeding, duration of hospitalization, type of VTE prophylaxis and concomitant medication were obtained directly from patients at the time of enrollment and of hospital discharge. At the time of enrollment, the ARTE-RAM thromboembolic score was also calculated for each patient.
In order to assess the occurrence of thromboembolic and bleeding events, as well as cases of death or hospital readmission, patients were further contacted by telephone at six months after discharge.
Statistical analysis
An estimated 1000 patients were included per analysis subgroup to assess the true occurrence of VTE risk at a 95% confidence interval with a margin of error of 3%. Quantitative data were expressed as medians or means (and standard deviation) when appropriate, while categorical data were expressed as number and percentage of the population. Exploratory analysis was performed using chi-square testing for categorical variables and two-sided t tests for continuous variables. A p-value of less than 0.05 was considered statistically significant.
Results
The number of patients included and the study flow diagram are depicted in Figure 1 .
A total of 4090 patients were enrolled (54% female), mean age 57 years, mean weight 71 kg, mean height 164 cm, mean body mass index 26.2 kg/m 2 , and 17% obese. Patients' demographic and clinical characteristics are shown in Table 2 .
The proportions of patients included in each of the four medical areas considered were 38.4% (n=1570) in oncology, 24.6% (n=1008) in general surgery, 18.7% (n=764) in internal medicine and 18.3% (n=748) in orthopedics. Of the total population, 592 patients (14.5%) had a family history of thromboembolism. The mean length of hospital stay was 8.3±18.1 days (median 5), and the major reasons for hospitalization were cancer (15.0%), gastrointestinal/hepatobiliary disease (8.5%) and acute noninfectious respiratory disease (6.1%). Six-month follow-up was obtained in 2923 (71.5%) patients. Figure 1 Study flow diagram. a Of the total 4248 patients originally included, 158 were excluded, of whom 63 (39.9%) did not fulfill eligibility criteria, 44 (27.9%) had seriously incomplete records, 42 (26.6%) had no available weight data, and nine (5.7%) had no available hospital discharge and/or follow-up data.
The incidence of the ARTE-RAM scores obtained at admission in the overall population is shown in Table 3 .
According to the predefined classes of thromboembolic risk, 192 patients (4.7%) were considered to have low risk for VTE (ARTE-RAM score of 0 or 1), 1090 (26.7%) intermediate risk (ARTE-RAM score of 2, 3 or 4) and 2808 (68.6%) had an ARTE-RAM score ≥5, and were considered at high risk for VTE.
Considering the different medical areas individually, the distribution of the risk classes was as shown in Table 4 . A high risk of VTE (ARTE-RAM score ≥5) was more prevalent among oncology patients (88.2%), followed by orthopedic patients (72.5%), surgical patients (54.6%) and internal medicine patients (43.2%).
Overall, 2747 patients (67.2%) received VTE prophylaxis during hospitalization, and 592 (20.3%) of those with follow-up received VTE prophylaxis after discharge. During hospitalization, VTE prophylaxis was most frequently prescribed for orthopedic and oncology patients (76.5% and 72.0%, respectively), and LMWH was the most commonly used type of prophylaxis (88.3% of the 2747 treated inpatients), for a mean of 7.8±10.6 days (median 6). In 12.3% (n=505) of the patients, LMWH was maintained after discharge from hospital. Regarding the outpatient setting, among the 2923 patients with six-month follow-up, VTE prophylaxis was also most frequently recorded in orthopedic and oncology patients (36.2% and 14.3%, respectively), and LMWH was also the most commonly prescribed type of prophylaxis (85.3% of the 592 treated outpatients) ( Table 5 ).
In the study population, 59 patients (1.4%) had contraindications for pharmacological prophylaxis, 26 (44.1%) of whom were hospitalized in internal medicine departments. Even though contraindication for anticoagulation was identified, 22 patients received prophylaxis during hospitalization, and three during follow-up.
The overall incidence of thromboembolic events was 1.5%, corresponding to 60 patients, 22 (0.58%) during hospital stay and 36 (0.93%) during the six-month follow-up period. The most common types of VTE during hospitalization were deep vein thrombosis (n=10), ischemic stroke (n=6) and pulmonary embolism (n=5), and deep vein thrombosis (n=13) and ischemic stroke (n=13) during follow-up. Overall, the majority of VTE occurred in oncology and internal medicine patients (n=29 and n=21, respectively). Analysis of the occurrence of VTE during hospitalization and follow-up periods separately reveals a significantly greater number of VTE episodes in internal medicine patients during hospitalization (n=13, p<0.001) and also more in oncology patients during follow-up (n=21), although this was not statistically significant (p=0.055).
A total of 327 patients (8%) had bleeding events, in 216 of whom the event occurred during hospitalization, 106 during follow-up, and five during both periods. Major bleeding events were observed in 159 (3.9%) of hospitalized patients, and in 68 (2.3%) of outpatients. The most frequent major bleeding events during hospitalization were ≥2 g/dl hemoglobin decrease (n=142), blood transfusion (n=98), intestinal and gastric bleeding (n=17 and n=12, respectively) and intestinal bleeding (n=63), ≥2 g/dl hemoglobin decrease (n=7) and blood transfusion (n=6) during follow-up.
Mortality from any cause over the six-month study period was 3.4%. Clinical history CHF (present or <1 month), % (n) 6.1 (248) Sepsis or severe infection (<1 month), % (n)
(152)
Acute pulmonary disease, % (n) 6.5 (266) COPD, % (n) 4.1 (168) Medical patient currently at bed rest, % (n)
(311)
Inflammatory bowel disease, % (n)
(48)
Gynecological/obstetric history Oral contraception or hormone replacement therapy, % (n)
(343)
Pregnancy or postpartum (<1 month), % (n)
(25)
History of unexplained stillborn infant, miscarriage, premature birth with toxemia or growth-restricted infant, % (n) 
(100)

Surgical patients
Discussion
The validation of a RAM modified from the Caprini and Khorana scores in a heterogeneous hospitalized population that includes medical and cancer patients may be useful in clinical practice. Given the complexity of a significant number of medical and cancer patients, an ideal model must accurately identify a threshold for the risk of VTE and predict the correct risk level in heterogeneous patients at admission, irrespective of their initial or final diagnosis. 23 One attempt to develop such a risk score in patients with active cancer in chemotherapy was the Protecht score. 24 This score requires a P-selectin assay, which may limit its practical use, 25 and is only included here for reasons of comparison. The ARTE-RAM score presented in this study was based on both well-established and novel risk factors, aiming for a consensual version of a tool that can be widely used in daily clinical practice, responding to a perceived need in the medical community. 26 The ARTE study, including populations admitted to general surgery and medicine departments, was designed to assess a new risk scoring method and to demonstrate the value of individual risk assessment for a broad range of patients. The study was conducted in a cohort of patients hospitalized in four departments (internal medicine, oncology, surgical or orthopedic) of 14 hospitals in Portugal.
Overall, the study demonstrated a high prevalence of high risk for VTE (68% of all patients), which is considerably higher than the overall risk for VTE (52.7%) found in the Portuguese patients included in the ENDORSE study. 27 This difference may be due to the especially high prevalence of VTE risk among oncology and orthopedic patients found in our study.
The 67.2% of all in-hospital patients who received some kind of thromboprophylaxis in the ARTE study is an improvement over the 58.5% treated patients found in the Portuguese ENDORSE subgroup, which may reflect an increase in awareness on this subject. Despite the variety of prophylaxis measures, 45 of the 2747 treated patients (1.6%) suffered VTE. In a paper by Zakai et al., 28 the incidence of VTE was 7.6 per 1000 admissions. If ischemic stroke is excluded, we found an incidence of 3.9 VTE events per 1000 admissions. This difference could be explained by a higher percentage of prophylaxis in our study (67.2% vs. 52% in Zakai et al).
The ARTE study corroborates other reports 29 that alert the medical community to the need for extended VTE prophylaxis beyond hospital discharge. In fact, the majority of VTE events were recorded in the six-month follow-up period (0.93% of all patients).
Major bleeding events were mainly observed during hospital stay, when close medical vigilance enables immediate intervention to minimize its consequences. Of inpatients receiving anticoagulant prophylaxis, only 3.89% had a major bleeding complication. This underlines the need for accurate risk estimation before the introduction of pharmacological VTE prophylaxis, in order to offer an appropriate strategy for each patient and especially to avoid underuse of anticoagulants based on wrongly perceived clinical assumptions of risk for bleeding complications.
Several studies, including a Cochrane review, have evaluated the importance of interventions designed to increase the implementation of thromboprophylaxis in hospitalized adult medical and surgical patients. The Cochrane review, published in 2013, 30 analyzed 55 studies, including randomized controlled trials and observational studies, that implemented a variety of system-wide strategies aimed at improving thromboprophylaxis rates in many settings and patient populations. The authors found statistically significant improvements in prescription of prophylaxis therapies associated with education, alerts and multifaceted interventions. Multifaceted interventions with an alert component seems to be the most effective. Another review analyzed ambulatory cancer patients receiving chemotherapy 31 and confirmed the importance of primary thromboprophylaxis in reducing the incidence of symptomatic VTE.
Worldwide, the search for cost-effective strategies for prevention of VTE has been a fundamental concern in recent years. There is, however, no agreement as to the best approach on this issue. On one hand there is solid evidence showing the effectiveness of computerized decision support for the implementation of thromboprophylaxis. On the other hand, there have been doubts about its cost-effectiveness.
A study published in 2011 32 assessed a four-year period in a Spanish hospital and demonstrated that the implementation of e-alerts led to a net cost saving of D 6.50 per hospitalized patient and concludes that if all hospitalized patients in Spain were considered, the total yearly savings would approach D 30 million.
Limitations
This study has several limitations. Firstly, although we made an initial assessment of risk factors at time of admission, identified by qualified physicians, there may have been intersite variability in data collection. Secondly, for the purpose of classifying patients in disease categories, we used the admission diagnosis as the main diagnosis, accepting that, in some cases, this diagnosis could be wrong or the clinical course of the disease episode could modify the relative effect of VTE risk factors (for example, a patient could be admitted for an acute condition attributed to cancer but undergo surgical intervention during hospital stay). Thirdly, clinical diagnosis of DVT and PE is known to be unreliable and clinical examination alone underestimates the true incidence of VTE, 33 particularly in an outpatient setting, which may have contributed to underestimation of asymptomatic VTE events and hence of the true incidence of VTE. Finally, a large number of patients were lost to follow-up, hampering analysis of thromboprophylaxis and clinical outcomes after hospital discharge.
Conclusions
The ARTE study demonstrated that a large proportion of hospitalized patients are at high risk of VTE. Thromboprophylaxis was administered to a significant number of these patients but its use may be less desirable in the outpatient setting. Validation of the ARTE-RAM score in future studies may support the ARTE study's findings and lead to its use when combined with appropriate information technology.
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